, was isolated from freshwater collected from the Juam Reservoir (Republic of Korea). Cells were Gram-stainnegative, aerobic, oxidase-negative and catalase-positive. The major fatty acids were iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. The strain contained MK-7 as the major isoprenoid quinone. The main polar lipid was phosphatidylethanolamine. The DNA G+C content was 46.4 mol%. A phylogenetic tree based on 16S rRNA gene sequences showed that strain 02SUJ3
The genus Flavisolibacter was proposed to accommodate Gram-stain-negative, non-spore-forming, yellow-pigmented, non-motile rods (Yoon & Im, 2007) , and allocated to the family Chitinophagaceae (Kämpfer et al., 2011) . At the time of writing, the genus comprises two recognized species, Flavisolibacter ginsengiterrae and Flavisolibacter ginsengisoli isolated from ginseng cultivating soil. During the course of our study on the microbial diversity of an artificial reservoir, a rod-shaped bacterial strain, designated 02SUJ3 T , was isolated from a freshwater sample and subjected to a polyphasic taxonomic investigation.
Strain 02SUJ3
T was isolated from a freshwater sample collected from Juam Reservoir located in the Republic of Korea, using the standard dilution plating technique. Isolation was achieved using PYGV agar (Staley, 1968) at 25 u C for 7 days. The isolate was routinely cultured on R2A agar and preserved at 280 u C as a suspension in distilled water containing 20 % (w/v) glycerol. F. ginsengiterrae Gsoil 492 T and F. ginsengisoli Gsoil 643
T were used as reference strains.
Bacterial DNA preparation, PCR amplification and sequencing of the 16S rRNA gene were carried out as described by Chun & Goodfellow (1995) . Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarities were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net/; Kim et al., 2012) . Multiple sequence alignments were performed by using CLUSTAL W (Thompson et al., 1994) integrated in the BioEdit program (Hall, 1999) . Phylogenetic analysis was performed by using the software package MEGA version 5.2 (Tamura et al., 2011) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) , maximumlikelihood (Felsenstein, 1993) and maximum-parsimony (Fitch, 1971) algorithms. A distance matrix of the neighbourjoining method was generated according to the model of Jukes & Cantor (1969) . The robustness of the topology in the neighbour-joining phylogenetic tree was evaluated (Felsenstein, 1985) based on 1000 resamplings.
The 16S rRNA gene sequence of strain 02SUJ3
T was a continuous stretch of 1465 nt. The closest relatives of strain 02SUJ3 T were F. ginsengiterrae Gsoil 492 T and F. ginsengisoli Gsoil 643 T (95.7 % sequence similarity). Sequence similarity with other members of the family Chitinophagaceae was ,93.3 %. The neighbour-joining tree ( Fig. 1) showed that strain 02SUJ3
T formed a robust clade with members of the genus Flavisolibacter with 100 % bootstrap support and a monophyletic lineage from the two recognized species. The topology of the trees inferred using the maximumlikelihood and maximum-parsimony algorithms was essentially the same (Fig. S1 , available in the online Supplementary Material).
As 16S rRNA gene sequence similarities between strain 02SUJ3
T and the type strains of the two recognized species of the genus Flavisolibacter were below the level indicative of relatedness at the species level (i.e. 97 %; Stackebrandt & Goebel, 1994) , no DNA-DNA hybridization tests were needed to define a novel species.
Growth was tested on nutrient (NA; Becton Dickinson), MacConkey (Becton Dickinson), trypticase soy (TSA; Becton Dickinson), plate count (PCA; Becton Dickinson) and R2A (Becton Dickinson) agars. Cells grown on R2A agar at 25 u C for 3 days were used for physiological and biochemical tests and the results were recorded for up to 10 days unless otherwise indicated. Cell morphology was observed by phasecontrast (TMS-F; Nikon), scanning (S-4800; Hitachi) and transmission electron (CM-20; Philips) microscopy using cells grown for 3 days at 25 u C on R2A agar. Gliding motility was assessed by examining wet mounts of a 48 h R2A broth culture under the phase-contrast microscope (Bernardet et al., 2002) . The pH range for growth was determined in R2A broth adjusted to pH 4-11 (using increments of 1 pH unit) by using 100 mM acetate buffer (pH 4-5), 100 mM NaH 2 PO 4 / Na 2 HPO 4 buffer (pH 6-8) and 100 mM NaHCO 3 /Na 2 CO 3 buffer (pH 9-11). Growth temperature (4, 10, 15, 20, 25, 30, 35, 37 , 40 u C) and NaCl tolerance [0, 1, 2, 3, 5 % (w/v)] were
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tested on R2A agar. Anaerobic growth on R2A agar was tested using the AnaeroPack-Anaero system (Mitsubishi Gas Chemical). Catalase and oxidase activities were determined using 3 % (v/v) hydrogen peroxide and Kovacs' reagent (Kovacs, 1956) , respectively. Hydrolysis of cellulose (filter paper) and chitin was tested by overlaying the respective substrates on R2A agar. Hydrolysis of CM-cellulose was assessed on R2A agar supplemented with 0.5 % (w/v) CMcellulose (Sigma) (Cowan & Steel, 2003; Tindal et al., 2007) . The presence of flexirubin-type pigments was tested using the KOH test as described by Bernardet et al. (2002) . Acid production from sugars was examined by using phenol red broth base (10 g pancreatic digest of casein, 0.018 g phenol red) containing 0.5 % of each sugar. Other physiological and biochemical tests were performed using the API 20NE kit, and enzyme activities were tested using the API ZYM kit (bioMérieux) following the manufacturer's instructions. Antibiotic resistance of strain 02SUJ3 T and the reference strains was determined with the disc diffusion method using commercial antibiotic-impregnated discs (BBL Becton Dickinson). After 7 days of incubation at 25 u C on R2A agar, the results were interpreted according to published guidelines (CLSI, 2009).
Strain 02SUJ3
T was pale yellow and cells were slightly curved rods (Fig. S2) . Strain 02SUJ3 T was distinguished from the two recognized Flavisolibacter species in its enzyme activities, such as esterase (C4), esterase lipase (C8), agalactosidase and a-chymotrypsin. The detailed results of morphological, physiological and biochemical analyses are given in Table 1 and the species description. Table 1 shows the phenotypic characteristics that differentiate strain 02SUJ3 T from F. ginsengiterrae and F. ginsengisoli.
For fatty acid analysis, cells of strain 02SUJ3
T and F. ginsengiterrae Gsoil 492 T and F. ginsengisoli Gsoil 643 T grown on R2A agar for 3 days at 25 u C were harvested (in duplicate). Extraction of fatty acid methyl esters and separation by GC were performed by using the Instant FAME method of the Microbial Identification System (MIDI) version 4.0 (MIDI, 2001) and the TSBA4 database. Cells grown in R2A broth for 3 days at 25 u C were harvested and freeze-dried for extraction of polar lipids and isoprenoid quinones. Polar lipids were extracted, separated by twodimensional TLC and identified by spraying the plates with appropriate detection reagents (Minnikin et al., 1984; Komagata & Suzuki, 1987) . Isoprenoid quinones were extracted and purified according to Minnikin et al. (1984) and analysed by TLC as described by Collins (1994) . For G+C content calculations, the DNA samples were prepared in triplicate and values were determined by the thermal denaturation method of Marmur & Doty (1962) .
The cellular fatty acid profile of strain 02SUJ3 T is given in Table 2 . Significant differences in the proportions of predominant fatty acids (i.e. iso-C 15 : 0 , iso-C 17 : 0 , iso-C 15 : 1 G and summed feature 3) were found between strain 02SUJ3 T and related species. The predominant isoprenoid quinone of strain 02SUJ3
T was menaquinone-7 (MK-7), as in all members of the genus Flavisolibacter. The polar lipid patterns of strain 02SUJ3
T and the type strains of the two Flavisolibacter species were very similar with phosphatidylethanolamine as the main polar lipid and several unidentified polar lipids (Fig. S3) . The DNA G+C content of strain 02SUJ3 T was 46.4 mol%, a value slightly above the range reported for the genus Flavisolibacter (Yoon & Im, 2007) .
On the basis of the data from this polyphasic study, strain 02SUJ3
T is considered to represent a novel species of the genus Flavisolibacter, for which the name Flavisolibacter rigui sp. nov. is proposed. An emended description of the genus Flavisolibacter is also provided on the basis of the results of polar lipid and DNA G+C analyses.
Description of Flavisolibacter rigui sp. nov.
Flavisolibacter rigui (ri9gu.i. L. gen. n. rigui of a well-watered place).
Cells are Gram-stain-negative, non-endospore-forming, non-motile, aerobic, slightly curved rods 0.3-0.5 mm in diameter and 1.0-2.0 mm in length occurring singly or in pairs (Fig. S1 ). No cyclical cell shape change occurs during culture. Colonies on R2A agar are circular, drop-like with entire margins, opaque, pale yellow and approximately 3.0 mm in diameter after 3 days at 25 u C (pH 7). Good growth occurs on R2A agar, but not on PCA, TSA or NA. Growth occurs at pH 6-7 (optimum, pH 7) and at 15-30 u C (optimum, 25 u C). NaCl inhibits growth at concentrations above 1 % (w/v). Flexirubin-type pigments are absent. Oxidase-negative and catalase-positive. Positive for degradation of aesculin and casein, but negative for degradation of cellulose, chitin, DNA, gelatin, Tween 20, Tween 80, L-tyrosine, urea and xylan. Negative for all the reactions of assimilation in the 20NE system. Negative reactions for arginine dihydrolase and urease activity, glucose acidification, indole production and nitrate reduction. In the API ZYM gallery, N-acetyl-b-glucosaminidase, alkaline phosphatase, leucine arylamidase and valine arylamidase activities are present; acid phosphatase, b-glucosidase and cystine arylamidase activities are weakly positive; but esterase (C4), esterase lipase (C8), a-galactosidase, b-galactosidase, aglucosidase, a-mannosidase, naphthol-AS-BI-phosphohydrolase, a-chymotrypsin, a-fucosidase, b-glucuronidase, lipase (C14) and trypsin activities are absent. Sensitive to the following antibiotics (mg per disc, unless otherwise indicated): ampicillin (10), chloramphenicol (30), penicillin G (10 IU), streptomycin (10), tetracycline (30) and vancomycin (30). Resistant to the following antibiotics (mg per disc, unless otherwise indicated): amikacin (30), erythromycin (15), gentamicin (10), kanamycin (30), nalidixic acid (30) and polymyxin B (300 IU). The major fatty acids (.10 %) are iso-C 15 : 0 , iso-C 15 : 1 G and iso-C 17 : 0 3-OH. The complete fatty acid composition is given in *Summed features are groups of two or three fatty acids that cannot be separated by GLC with the MIDI system. Summed feature 1 contained iso-C 15 : 1 H and/or iso-C 15 : 1 I and/or C 13 : 0 3-OH; summed feature 3 contained C 16 : 1 v7c and/or iso-C 15 : 0 2-OH; summed feature 4 contained iso-C 17 : 1 I and/or anteiso-C 17 : 1 B.
